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1.0 INTRODUCTION

1.1 General

The purpose of this project has been to expand the Crash Victim
Simulation software, originally developed at Calspan Corp. The objec-

tives were to: 1. review the capability of advanced features of the
3.d

—h

ca e
software; 2. improve the contact algorithm in the CVS; evelop soft-

ware for use in correlation and validation studies; and, 4. apply the
software to problems in side impact. This three volume report consi-

3 L ST £ +han AlsAa~nddiian
rs the first two of the objectives.

1.2 OQOrganization of Report

This report is organized in three volumes. The first volume deals
with the analysis of the new features and is supplementary to the ini-
tial CVS writeups (1) and updates (2). This volume is intended for the
analyst who wishes to understand the basic assumptions incorporated in
this model. The second volume presents an updated user's manual for the
entire CVS model as now constituted and is expected to serve as suffi-
cient documentation for the ordinary user of the model. The third vol-
ume presents information concerning the CVS model as a computer program
and is intended for professional programmers who need to make changes in
the program.

Volume One contains sections dealing with the new ellipsoid-plane
contact algorithms, the material properties now available, and shared
deflection.

Volume Two contains sections dealing with the updated, machine-
produced input writeup, a general description of output options and an
example run.

Volume Three contains sections describing the layout of packing
tables for variable information, the structures of the program and a de-
tailed layout of possible output from the program.

1.3 Scope of Changes

The HSRI Version of the CALSPAN CVS Model is based on Version 18A
of that model augmented by some of the corrections of Version 19 con-



cerning Euler joints. HSRI refined the contact algorithms for ellipsoid-
panel interactions. Three important basic problems in the contact algo-
rithms were addressed. The first problem is accurate computation of de-
flections even for the case of complete penetration of an ellipsoid into
a contact surface. The second problem is the computation of contact
forces based on mutual deformation of the interacting elements. The
third problem is handling of permanent deformation by contact surfaces.

The contact section of the old CVS was largely replaced with an al-
gorithm based on the approach taken in earlier HSRI models (3,4,5) in-
corporating some of the ideas of British Leyland (6). In our early
dealings with the old CVS, we modified the input section to read and
check the ID field of the input cards. In addition, we modified the out-
put section to use only one logical device and to print optionally in
equal increments of simulated time. These changes were made to partially
facilitate the use of the model. A more general specification of vehicle
initial conditions and more flexibility in reporting of kinematics were
later incorporated for the same reason. In general, we have followed
the policy of making changes only where such changes were defendable by
their utility to Occupant Side Impact Simulation.

1.4 References

1. Fleck, J. T., Butler, F. E., Vogel, S. L., "An Improved Three-Dimen-
sional Computer Simulation of Vehicle Crash Victims", Calspan Corp.,
Buffalo, 4 vols., NTIS Nos. PB241692-5.

2. Butler, F. E., Addendices to reference 1., A-K, Calspan Corp., Buf-
falo, unpublished.

3. Robbins, D. H., Bennett, R. 0., and Roberts, V. L., "HSRI Three-Di-
mensional Crash Victim Simulation: Analysis, Verifications; Users'
Manual, and Pictorial Section," HSRI, The University of Michigan,
Ann Arbor, NTIS No. PB208242, June 1971.

4. Robbins, D. H., Bennett, R. 0., and Bowman, B. M., "HSRI Six-Mass,
Three-Dimensional Crash Victim Simulation," HSRI, The University of
Michigan, Ann Arbor, NTIS No. PB239476, Feb. 1973, 302 p.

5. Bowman, B. M., Bennett, R. 0., and Robbins, D. H., "MVMA Two-Dimen-
sional Crash Victim Simulation, Version 3," HSRI, The University of
Michigan, Ann Arbor, 3 vols., NTIS Nos. PB235753/1, 236907/2,
236908/0, 684 p., 1974,



6. Butterfield, K. R., "The Computation of the Maximum Penetration of
an Ellipsoid Through a Panel," Report No. NA2, British Leyland,
unpublished, July 1976, 5 p.



2.0 THE ORGANIZATION OF PACKED INTERNAL TABLES

The contact algorithms developed for the HSRI version of the CVS al-
low a great deal of flexibility in number and attachment of both ellip-
soids and planar panels. This flexibility makes the use of a tree-type
data structure effective. The essence of this type of structure is that
the tables include data elements which function to describe the organiza-
tion of the table itself. Such data elements are called control elements
and point to the beginning of a part of the tables, or state the amount
of information present, or in some cases identify the type of information.

2.1 The Advantages and Disadvantages of Packing

The advantages of this type of data structure are maximizing flexi-
bility in what combinations of data that can be specified and minimizing
the use of computer storage. The disadvantages are the complexity of
programming and the longer computer times involved in accessing through
the structure. Experience in earlier models has shown that the advan-
tages outweigh the disadvantages for the storage of contact information.

2.2 Packing Used in CVS Contacts

The following tables present a complete description of the data
structure employed. The information described in these tables physi-
cally resides in two large arrays, one integer and one real. A value of
KONTL (the beginning index of the standard area) is provided by means of
a COMMON. When you look in the integer array with index KONTL, you find
first the word of the Standard Control Area entry as shown in Table 1.
The first four words or elements give the number of body segments, planar
panels, interactions, and materials. Then follows the index of the be-
ginning element of the Secondary Table Beginnings entry described in
Table 10. This serves as a backdoor into the interaction, G-R, tangen-
tial, bivariate polynomials and bivariate table information. The next
NSEG (the number contained in the first element) elements contain the
index of the first element of an entry of one of the body segments. Each
of those entries is laid out as specified in Table 2.

This is the way these tables are used, going from table to table
looking for the pointer to the next table until the index of the piece



of information that is needed is obtained. The next paragraph is a more

formal restatement of the explanation just given.

The Standard Area of the Control Array ser/es as a table of con-
tents for the other control entries and 1s presented as Table 1. The
Standard Area refers to the other control entries by recording the
beginning index in the Control Array of each entry. For convenience
igned to th
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sake, each type o
beginning index of the "typical entry." The following Tabl
layout of each such typical control entry. The control entries in turn
record the beginning indices of information entries and working storage
entries. It should be understood that all entries occur as often as needed
by the data set for each run and that the typical entry merely presents the
format of each such entry. Tables 1 through 19 contain integer informa-
tion and tables 20 through 32 contain real information.

@M U

s present the

TABLE 1 Standard Control Area

Relative Index Description

KONTL Number of body segments (m) (NSEG)

KONTL + 1 Number of planar panels (n) (NPL)

KONTL + 2 Number of interactions active (1)

KONTL + 3 Number of materials (k)

KONTL + 4 Secondary Table Beginnings Entry beginning index (KESTAB
KONTL + 4 + I,I=1,m Beginning indices of segment controls (KSEG)

(Zero indicates no such entry.)
KONTL + 4 + m + I,I=1,n Beginning indices of planar panels (KPAN)

?OQTL +4 +m+n+ I,I= Beginning indices for material properties (KMATL)

TABLE 2  Typical Segment Control Entry

Relative Index Description

KSEG Number of ellipsoids for this segment (k)

KSEG + 1 through Beginning indices for ellipsoid control entries
KSEG + k (KELLP)



TABLE 3 Typical Planar Panel Control Entry

Relative Index Description
KPAN Beginning index of real information entry (KPANR)
KPAN + 1 Beginning index of material control entry (KMATL)
Zero indicates panel considered rigid.
KPAN + 2 Switch NINTRL = Body Segment Number means Input W.R.T. Body

NVEH = NSEG+1 means Input W.R.T. Vehicle;
NGRND = NSEG+NBAG+2 means Input W.R.T.
Inertial

KPAN + 3 Solid switch (0 = isolated, 1 = face of solid) (ISOLAT)
KPAN + 4 Number of time points (NUMTIM)
KPAN + 5 through Panel Name (16 characters)

8

KPAN
KPAN
KPAN
KPAN
KPAN
KPAN

Number of plane in input

10 External panel number

11 Current time point beginning index (KPANRE)
12 Last time point beginning index

13 Switch (LEDGSW)

0 for Normal Scaling

1 for No Edge Scaling
2 for No Depth Scaling
3 for No Scaling

+ 4+ + 4+ + ++ + o+
O

TABLE 4 Typical Ellipsoid Control Entry

Relative Index Description
KELLP Beginning index of real information entry (KELR)
KELLP + 1 Beginning index of material control entry (KMATL)
Zero indicates ellipsoid considered rigid.
KELLP + 2 Body segment number attached to
KELLP + 3 through Name of ellipsoid (16 characters)
KELLP + 6
KELLP + 7 Beginning index of B Matrix Entry or zero if
no ellipsoid-ellipsoid contact allowed (NBMATX)
KELLP + 8 Number of allowed panels (NPALOW)
KELLP + 9 Number of allowed ellipsoids (NEALOW)
KELLP + 10 Beginning index of allowed panel entry (KKPALOW)
KELLP + 11 Beginning index of allowed ellipsoid entry (KEALOW)
KELLP + 12 External ellipsoid number
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TABLZ - T.o1cal AiTowe EiL pscig Ent o,
Relative Index Des ription

KEALOW through NEALOW entries of form:
Beginning indices of allowed ellipsoids (KELLP

KEALOW + 2*NEALOW - 1 0
8eginning indices of ellipsoid-ellipsoid
interaction controls (XACT)

TABLE § Typical Allowed Panel Entry

Relative Index Description

KPALOW through NPALOW entries of form:

KPALOW + 2*NPALOW - 1 0 Beginning indices of allowed panels veo~i
-1 22a rnirg 1ndirzes “L- 27 Tipssic-na

nterict ~n "~ ot oAasg LT



TABLE 7 Typical Material Control Entry

Relative Index Nescription

KMATI Raminninm inday A€ wasxl dnlavmmabiam (VMATH)
IANM e B I voyHinminy 1nucA Ui rwal 1mmjoriai1on \KNFAITR)
KMATL + 1 Loading Curve Specification

if < 0, -KPOLY polynomial beginning index
if = 0, zero properties
if > 0, NBIVTK table beginning index

KMATL + 2 Friction class (IFRIK)

KMATL + 3 G-R Table Beginning Index (KGRTAB)
if=0,G=0.and R =1.

KMATL + 4 Unloading Switch (MUNLSU) =
1 G-R unloading
2 Unload on loading curve
3 Gonly
4 G as slope only
5 1,3,4 mixed
6 G=0. and R=1.

KMATL + 5 Loading curve Type =

LODTYP Means

-7 bivariate random table
-6 rate table _
-5 bivariate general polynomial .
-4 4th to 6th power rate polynomial
-3 cubic rate polynomial
-2 quadratic rate polynomial
-1 Tinear rate polynomial .
+1 linear deflection polynomial
+2 quadratic deflection polynomial
+3 cubic deflection polynomial _
+4 4th to 6th power deflection polynomial
+5 bivariate linear polynomial
+6 deflection table
+7 bivariate lattice table

KMATL + 6 External Material Number

KMATL + 7 through Material Name (16 characters)

KMATL + 10



TABLE 8 Relationships of LODSWT to LODTYP's for Shared Deflection.

LODTYP for second force producer

1 2 3 4 5 6 7 1 -2 -3 -4 -5 -6 -7

|

QL

S 1 +11 +2| +3] +41 +5] +6 | +120 +5! -5| -5 -51 51 #1121} +12
o

2 2 +2! 421 +3| +4| -5] +7 1413 -5! -5} -5 -5} -51 +13!+13
a3 +3] +3] +3] +4{ -5] +8 [ 413 5] -5 -51! -5 -5 +I13[+13
& 4 +4| +4] +4| +4| -5 +9 | +13 -5| -5] -5} -5| -5} +13 [ 413
S 5 +5| -5] -5] -5{ +5[+12 | +13] +5| -5} -5[ -5[ -5 +12[+13
“1 6 +6] +7] +8] +9[+12]+10 | +11] +12 ] +13] +13 [ +13 | +13 | +11 | +#11
o 7 F12/+13[+13[+13]#13)+11 | +11{ +12 ] 413 +13 [ +13 [ +13 | +11 | +11
= | -1 +5] -5 -5{ -5] +5{+12 | +12] -1| -2| -3[ -4| -5 -6 [+12
=12 -5 -5] -50 -5 ~5[+13 [ +13 -2} -2] -3 -47] -5] -7 |+13
S| -3 -5 -5{ -5] -5] -5[+13 | +13 -3]| -3] -3| -4 -5 -8 [+13
1 -4 -5] -5[ -5{ -5{ ~5{+13|+13 -4| -4] -4 -4 -5 -9 [+13
S| -5 =5] -5] -5] -5] ~5{+13 1 +13 -5} -5 -51 -5 -5 +13]+13
51 -6 +H121+13[+13{+13|+12]+11 [ +1]] -6} -7 -8 -9 [+13] -101!+1]
S| -7 H120+13[+13[+13[+#13[+TT1 [+T1 #1211 +13] +13 [ +13 1 +13 | +11 [ +11

TABLE 9 Relationships of LODSWT to Routine Used for Shared Deflection.

LODSWT ROUTINE

~10 thru -6  SHARED via SHARET (rate only)

-5 SHAREG

-4 thru +4 SHARED (positive deflection only;
negative rate only)

+5 SHAREL (bivariate linear)

+6 thru +10 SHARED via SHARET (deflection only)
+11, +12 SHAREL via SHARET (bivariate linear)
+13 SHAREG after set-up in SHARET



TABLE 10 Secondary Table Beginnings Entry

Relative Index Description

KESTAB Interaction Table of Contents Beginning Index (KIACT)
KESTAB + 1 G-R Table Table of Contents Beginning Index (KNTLGR)
KESTAB + 2 Tangential Specification Table of Contents Beginning

Index (KNTANG)

Bivariate Polynomials Table of Contents Beginning
Index (KPOLYC)

Bivariate Tables Table of Contents Beginning Index
(NBIVIC)

TABLE 11 Interaction Table of Contents Entry

KESTAB + 3

KESTAB + &4

Relative Index Description
KIACT Number of Allowed Interactions (NINACT)
KIACT + 1 Number of Allowed Plane-E1lipsoid Interactions
(NIPLEL)
NIPLEL entries of form:
KIACT + 2 through Beginning Index of Interaction Control of Plane-
KIACT+NIPLEL+1 Ellipsoid Type (KACT)

(NINACT-NIPLEL) entries of form:

KIACT+NIPLEL+2 through Beginning Index of Interaction Controls of
KIACT+NINACT+1 El1ipsoid-E1lipsoid Type (KACT)

TABLE 12 G-R Table of Contents Entry

Relative Index Description

KNTLGR Number of G-R Tables (NTABGR)

KNTLGR + 1 NTABGR entries of form:

through KGRTAB 0  Number of points in Table (NPTSGR)
KNTLGR + 2*NTABGR +1  Beginning index of Real Entry (KTBGRR)

TABLE 13 langential Specifications Table of Contents Entry

Relative Index Description

KNTANG Number of Tangential Specifications (NUTANG)
KNTANG + 1 through NUTANG entries of form:

KNTANG + 3*NUTANG 0  Friction class A (IFRIKA)

+] Friction class B (IFRIKB)
+Z2  Beginning index of real entry (KTANG)

10



TABLE 14 Typical Interaction Control Entry

Relative Index Description
KACT Interaction type (INACT)
1 = ellipsoid-panel

2 = ellipsoid-ellipsoid

KACT + 1 Beginning index of second force producer (KPAN or
KELLP2)

KACT + 2 Beginning index of first force oroducer (KELLP)

KACT + 3 Beginning of real work entry established last time
?KACTR)

KACT + 4 Beginning of real work entry being established cur-
rent time (contains current output) (KACTO)

KACT + 5 Beginning of integer work entry established last
time (KACTI)

KACT + 6 Beginning of integer work entry being established
current time (KACTJ)

KACT + 7 Shared deflection switch {KSHAR)

(0 = both hard; 1 & 2 names soft one; 3 and up
both (LODSWT) soft; < 0 rolling)

KACT + 8 Number of this interaction in order of scanning of
all interactions of this type

KACT + 9 Beginning 1ndex of tangential force specification
KTANG)

TABLE 15 Typical Interaction Integer Work Entry

Relative Index Description

KACTI (or KACTJ) Contact control switch (ns, ETAS)
KACTI + 1 Contact corner switch (”SB’ ETASB)
KACTI + 2 Contact edge switch (”SE’ ETASE)

KACTI + 3 Algorithm control for first force producer (IALGOR) =
regular loading

regular unloading

regular reloading

alternative reloading

saturation loading

saturation unloading

saturation reloading

breakdown loading

breakdown unloading

10 breakdown reloading

11 complete breakdown

if unloading complete--negative sign applied.

OO~ O 2w

KACTI + 4 AT?orithm control for second force producer (JALGOR)
Settings the same as IALGOR).
KACTI + 5 IA0 -1 oroportional materials

0 first time
+1 thereafter

KACTI + 6 Contact control switch (nr, ETAR)

11



TABLE 16

Relative Index

Bivariate Polynomials Table of Contents Entry

Description

KPOLYC Number of Bivariate Polynomials (NBPOLY)
KPOLYC + 1 through NBPOLY Entries:
KPOLYC + 2 NBPOLY 0 External polynomial number (NPOLYE)

1 Beginning Index of Polynomial Specification
Entry ?KPOLY)

TABLE 17 Table of Contents Entry for Bijvariate Tables

Relative Index

NBIVTC

TABLE 18

Description
Number of Bivariant Tables (NUMBIV)
+1 External Table No. (NBIVEX)

+2 Beginning index of individual table control
(NBIVTK)

Typical Control Entry for Individual Bivariate Table (Non-Lattice Case)

Relative Index

Description

NBIVTK Beginning index of real bivariate table entry (NBIVRL)
NBIVTK + 1 Column spacing index for box description (NBIVLC)
NBIVTK + 2 Switch: 0 = Tinear interpolation, 1 = log inter-
polation
NBIVTK + 3 Number of boxes (NBILVN)
NBIVTK + 4 through NBIVLN entries of form:
NBIVTK + 2*NBIVLN + 3 0 Beginning index of box entry (NBIVRB)
+1  Number of points in box entry (NBIVBN)
TABLE 19 Typical Entry for Individual Bivariate Table (Lattice Case)
Relative Index Description
NBIVTK Set -1 for x-dependence only, -2 for y-dependence
only, -3 for both (LATCON)
NBIVTK + 1 Beginning 1ndex of Real X Entry (KBIVXL)
NBIVTK + 2 Beginning index of Real Y Entry (KBIVYL)
NBIVTK + 3 Beginning index of Real Force Entry (KBIVFL)
NBIVTK + 4 Number of X Entries (NEIVX) (0 if LATCON = -2)
NBIVTK + 5 Number of Y Entries (NBIVY) (0 if LATCON = -1)
NBIVTK + 6 Number of Force Entries (NBIVF)
NBIVTK + 7 Interpolation switch as before (INMETA)
NBIVTK + 8 Last X number (LBIVY)
NBIVTK + 9 Last Y number (LBIVY)

12



TABLE pq

Relative Index
KPANR through

KPANR + Z21*NUMTIM - 1

0
+1

+4

+10

+11

+12
+15

+18

TABLE 21

Relative Index

KELLPR (KELR)
KELLPR + 3

KELLPR + 6

KELLPR + 9

KELLPR + 10 through
KELLPR + 18

TABLE 22

Relative Index

NBMATX through
NBMATX + 8

Typical Panel Real Information Entry

Description
NUMTIM entries of form. The last such entry omits

NP Y

t Effective time

X1, Y], Z.I Coordinates of point 1

X2, Yo, I2 Coordinates of point 2

X3, Y3, I3 Coordinates of point 3

Ty Time Ramp Length for Velocities

]t ije Span Covered by Current
time segment

i], ;1’ i] Coordinate slopes of point 1

&2, }2’ 22 Coordinate slopes of point 2

%3, Q3, 23 Coordinate slopes of point 3

Typical Ellipsoid Real Information Entry

Description

A, B, C Semi-major axes

Xns YO’ ZO Coordinates of center relative
0 to body segment system.
Y, 8, 0 Euler angles of ellipsoid system
relative to body segment system.
r Effective radius
De Direction cosine matrix of ellip-

soid system from body system.

Typical Ellipsoid B-Matrix Entry

Description

B matrix stored in columns

where
// U o o
T 2
B=0, o /8% o0 0,
\ o 0o 1/¢
AN



TABLE 23  Typical Material Real Information Entry

Relative Index Description

KMATR Force Saturation Value (FSAT, = 0 for no test)

KMATR + 1 Saturation Unloading Slope (DM, < 0, use as G
instead)

KMATR + 2 Yield Point (DC)

KMATR + 3 Start Breakdown (DE)

KMATR + 4 Finish Breakdown (DF)

TABLE 24 Interaction Real Work Entry

Relative Index Description
KACTR (or KACTO) Deflection of first force producer (61).
KACTR + 1 Deflection of second force producer (52).0
KACTR + 2 Deflection rate of first force producer (5]).
KACTR + 3 Deflection rate of second force producer (32)_
KACTR + 4 Combined deflection (38).
KACTR + § Combined deflection rate (&).
KACTR + 6 Force (FN).
KACTR + 7 Tangential force (FT). i
KACTR + 8 Tangential deflection (§).
KACTR + 9, + 10, + 11 Contact point in segment 1 system (X1, Y1, Z1)
KACTR + 12, + 13, + 14 Contact point in segment 2 system (X2, Y2, Z2)
KACTR + 15, +16 Ellipsoid center in panel system (XX0, YYO)
KACTR + 17 Friction force(FF).
KACTR + 18 Snap back force (FR).
KACTR + 19, + 20, + 21, Unloading coefficients UNLCOF (1 to 5)

+ 22, + 23
KACTR + 24 Turnaround point to being unloading (2, BOG).
KACTR + 25 Permanent deflection (w, 0G)
KACTR + 26 Turnaround point to begin reloading (w, 0GB)
KACTR + 27 Fraction of force produced by pure deflection

terms (S)

KACTR + 28 Energy

Note: KACTR + 29 through KACTR + 38 are the corresponding information for
the second force producer that KACTR + 19 through KACTR + 28 are
for the first force producer.
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TABLE 24

Relative Index

— KACTR + 39

KACTR

KACTR
KACTR

KACTR
KACTR

- KACTR

KACTR
KACTR

~ KACTR
KACTR
~ KACTR

KACTR

KACTR

KACTR

+ + + 4+ o+

40

41
47

48
49

50

51
52

53
54
55

56

57

58

through

Interaction Real Work Entry (continued)

Description

Coefficient used in shared deflection involving
tables (AOQ)

Time of last contact (TM)

Coefficients used in shared deflection (CBO’ C06’
Ci5 Cpg» C330 Cypops Coy respgctive]y)

Tangential deflection rate (3)

X-coordinate (in panel system) of reference point
for edge effects (XX1)

Y-coordinate (in panel system) of reference point
for edge effects (YY1)

Previous value of DELTA (6p) => RQ(KACTQ+4)

Distance from mid point of panel to point of first
contact (dmid)

Total Deflection Double Time Derivative (5)
Total Deflection Triple Time Derivative (55

Partial of Force w.r.t. deflection for 1st material
(PFD(1)).

Partial of Force w.r.t. deflection for 2nd material
(PFD(4)).

Partial of Force w.r.t. deflection rate for Ist
material (PFDD(1)).

Partial of Force w.r.t. deflection rate for 2nd
material (PFDD(4)).
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TABLE 25  Typical G-R Table Real Entry

Relative Index Description
KTBGRR through NPTSGR entries of form:
KTBGRR + 3*NPTSGR - 1 0 Deflection (%)

+1  G-Ration (G)
+2  R-Ratio (R)

TABLE 25 Typical Tangential Real Information Entry

Relative Index Description
KTANG Friction coefficient 0 (FMUOQ)
KTANG + ] Friction coefficient 1 {FMU1)
KTANG + 2 Friction coefficient 2 (FMU2)
KTANG + 3 Snap back coefficient 1 (A7)
KTANG + 4 Snap back coefficient 2 (A2)
KTANG + 5 Maximum force (FTMAX)
KTANG + 6 Velocity ramp length (TVON)
TABLE 27 Typical Bjvariate Polynomial Real Specification
Relative Index Description
KPOLY through Coefficients of terms of form: A.. 669 where
KPOLY + 26 order is presented on E.5.A. - E.3JC. descrip-

tion.

TABLE 28 Typical Real Bivariate Table Entry (Non-Lattice Case)

Relative Index Description
NBIVRL X of lower left corner point of control box
NBIVRL + 1 Y of lower left corner point of control box
NBIVRL + 2 X of upper right corner point of control box
NBIVRL + 3 Y of upper right corner point of control box
NBIVRL + 4 X increment for control box
NBIVRL + 5 Y increment for control box
NBIVRL + 6 Offset to one

TABLE 29 Typical Real Box Entry for Bivariate Tables

Relative Index

NBIVRB through
NBIVRB + 3*NBIVBN - 1

Description

NBIVBN entries of form:
0 X coordinate of point
+1 Y coordinate of point
+2  Force value for point

16



TABLE 30 Typical Real Bivariate Table Horizontal Information Entry
(Lattice Case)

Relative Index Description

KBIVXL through X Values
KBIVXL + NBIVX-1

TABLE 31 Typical Real Bivariate Table Vertical Information Entry
(Lattice Case)

Relative Index Description

KBIVYL through Y Values
KBIVYL + NBIVY-]

TABLE 32 Typical Real Bivariate Table Force Entry (Lattice Case)

Relative Index Descriptian

KBIVFL Offset

KBIVFL + 1 through Force Values ((Fij, i = 1, NBIVS), j =1
KBIVFL + NBIVF NBIVY)

17



3.0 STRUCTURE OF PROGRAM

The HSRI Version of the CVS is organized into 133 subprograms. The
following three sections provide information concerning the function, the
1inkage, and the communication among these subprograms.

3.1 Functional Breakdown

The CVS has been organized into subprograms to achieve efficiency of
code and ease of understanding. Structured programming has not been em-
ployed in this development, but most of the logical principles involved have
been generally followed. Table 33 Tists the 133 subprograms and presents a
short description of each subprogram.

18



Routine

ADJUST

AIRBAG

AIRBGG

AIRBGI
AIRBG3

BELTG

BELTRT
BGG

BINPUT
BIVIN

BLDEFL

BLKDTA
BLOCK

BOXSCN
BXINFO
CFACTT
CHAIN

CINPUT

CMPUTE

Table 33 Subprogram Description Table (1 of 7)

Description

recomputes values of the parametric forms for state variables.
Used to reconstruct time history when time increment is changed.

for each airbag, controls interaction with panels and body seg-
ments, computes differential pressure and forces and torques on
bag and segments.

computes volume of intersection of airbag with body segments or
panel.

processes input cards and does initialization for airbags.

calculates thermodynamic properties and updates linear and angu-
lar position and velocity of each airbag.

computes tangent points, vectors from tangent points to anchor
points and length of belt segments.

computes belt forces and torques.

computes volume of intersection of airbag with body segment or
panel and force and torque per unit pressure on each.

processes input cards for occupant and initializes

processes input cards and initializes for bivariant polynomials,
bivariant tables and G-R tables for materials

determines penetration, location, and velocities for an ellipsoid
against a planar panel in terms of the panel system.

initializes various constants

determines next box of points for table interpolation search for
nearest points

searches box of points for nearest points to interpolation point
determines box parameter for box of points
computes matrix transpose of cofactors and determinant

computes linear positions and velocities for all segments from
that of the first and of vehicle

processes input cards for materials and contacts

controls the evaluation of acceleration for a given set of para-
metric forms for state variables and time
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CONTCT

CROSS

CSOLID
CUBRUT

DAUX

DAUX11

DAUX12

DAUX22

DAUX31

DAUX32

DAUX33

DAUX44
DAUXS5
DEBUG

DHHPIN

DINT
DOTT31
DOTT33
DOT 31

DOT33

Table 33 Subprogram Description Table (continued) (2 of 7)

controls computation of forces and torques generated by body
segments contacting panels or other body segments or belts or
airbags

computes vector cross product
computes proper scaling factor for edge effects
computes cube root of a number

evaluates system linear and angular accelerations after applying
external forces and constraints

used by DUAX to compute sub-matrices C1] and R.I in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices C]2 and C21 in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices C22 and R2 in order to eli-
minate body accelcrations

used by DAUX to compute sub-matrices C,, and C,, in order to eli-
: . 13 31
minate body accelerations

used by DAUX to compute sub-matrices C23 and C32 in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices Cjq and R3 in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices for flexible elements
used by DAUX to compute sub-matrices for singular elements
processes debug input into switch values

sets up proper direction cosine matrix for pinned or unpinned
joint

controls integration steps between print times

calculates matrix from two vectors; A X BT

performs matrix multiplication; A X BT

performs matrix multiplication of matrix transpose times a
vector

performs matrix multiplication; AT X B

20



Table 33 Subprogram Description Table (continued) (3 of 7)

DRCYPR sets up direction cosine matrix for rotation angles yaw, pitch
and roll

DSETD updates direction cosine matrix using an incremental angular
motion and renormalizes it

DSETQ computes new direction cosine matrix from original and incremental
motion expressed in quaternion form

OSMSOL solves as set of simultaneous linear algebraic equations

DZp computes state variables from parametric forms and evaluates ex-
ponential weights

EDEPTH determines depth of penetration for two ellipsoids

EFUNCT computes non-linear spring torque for Euler joints

EJOINT computes torques for Euler joints

ELONG computes arc length on an ellipse

ELTIME counts number of times some subroutines are used and accounts for

computer times used by them

ENTCOL enters a column of values into a matrix

ENTROW enters a row of values into a matrix

ENTVAL enters a single value into a matrix

EQUILB adjusts initial input position values so that initial normal contact
forces are equal to either supplied values or constraint force values

ERRMSG prints proper fatal error message

EULRAD computes procession, mutation and spin angles from direction co-
sine matrix

EVALFD evalues derivative, value or integral of a function in the TAB
array

FINPUT processes input cards for allowed contacts

FLXSEG does calculation for flexible segments

FOEVAL computes contact force for single material only with unloading,

saturation and breakdown
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FRCDFL
FSMSOL

GETGR

GLOBAL
HEDING
HERRON
IMPLS2
IMPULS

INITAL
INTERL

INTERP
INTERS
IOVRLP
IREGN

LOADSW

LOADTP
LODFEL
LOKIDJ

LOOKID

LTIME
main

MAINPG

Table 33 Subprogram Description Table (continued) (4 of 7)

evalues force-deflection function in the TAB array at a point

solves a set of simultaneous equations, the coefficient matrix
of which is stored as submatrices

gets proper G and R values for the material for unloading
does calculations for globalgraphic joints

prints titles on output pages

computes angle values for use in joint stops

called by UPDATE when a joint locks to apply proper impulse

computes Tinear and angular accelerations from an impulse and
modifies linear and angular velocities

processes input cards for occupant initial position

does a bivariant interpolation, first finding the four nearest
points

does the actual interpolation from INTERL
determines intersection for two ellipsoids
determines whether edge effects on a panel overlap

determines in which part of a panel the contact occurs; for de-
termination of edge effects

given loading type indices for two materials, determines compo-
site interaction index

determines loading type index for a material
controls contact interaction calculation

checks that input card being read is one expected for non-unigue
cards

checks that input card being read is one expected for unique
cards

measures CPU elapsed time in units of .01 seconds
defines lengths of IQ and RQ storage arrays

control input, initialization, integration and output of program
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MAT31
MAT33
NEARPT

NEWPAG

NORLOD

ORTHO

QUTPUT
PANEL
PDAUX
PHITAB

PLANIN

PLELP

PLOTRI
PLOTR2
PLSEGF

PLTXYZ
PRINT

PRIPLT
PSOLID
PUSHER

Table 33 Subprogram Description Table (continued) (5 of 7)

performs matrix multiplication of a matrix times a vector
performs matrix multiplication of two matrices

determines the four closest points to a given point, for inter-
polation in a random table

determines whether a new page is needed for neat printing of the
input data

evaluates table or polynomial material force for given deflection
and deflection rate

generates a set of right-handed orthonormal vectors from a given
one

controls final printed output
sets up required panel parameters for airbag
interfaces between DINT and DAUX to set up system

fits a linear polynomial to a table and determines the valid
range

does planar interpolation from three points, used in the random
interpolation routines

controls computation of forces and torques from body segments con-
tacting panels

writes initial and constant data for off-line plots
writes time point data for off-line plots

obtains force for segment-segment contact case and applies this
force to segment force and moment arrays

stores plot characters into printer plot arrays

prints selected variables from selected routines at each time
point

sets up printer plot arrays for Y-Z and X-Z plane views
computes proper reference point for edge effects

allots space in integer and real storage arrays for input data
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Table 33 Subprogram Description Table (continued) (6 of 7}

QBUG prints out contents of integer and real storage arrays for de-
bugging purposes

QSET used to recompute time history when time step is doubled

RCRT computer radius of curvature of ellipsoid at point normal to a
specified plane

RDT computer rotation matrix for an angle about an axis

RSTART controls reading and writing of program variables for restart
capability of program and redefines new variables from input

SEARCH finds new variables to be redefined

SEGSEG controls computation of forces and torques from body segments
contacting other body segments

SETACT sets up the entries in the packing tables for interactions of the control
of the computation of force

SETUP1 sets up initial values of certain arrays used in DAUX before contact
routines

SETUPZ sets up initial values of certain arrays used in DAUX after contact
routines

SHARED computes contact force when both materials are functions of deflec~
tion only

SHAREG computes contact force when both materials are general

SHAREL computes contact force when both materials are linear in deflection
and deflection rate

SHAREM computes contact force based on the assumption of effective depen-
dence upon deflection

SHARET sets up coefficients to be used in SHARED and SHAREL

SINPUT processes input cards for vehicle interior, belts, constraints,

spring damper functions, tangential force functions and body sym-
metry options

SLVCBC solves a cubic equation for a root in a specified range

SLVGEN solves a general equation (4th to 6th order) for a root in a spe-
cified range

SPDAMP computes forces and torques from spring dampers

TODAY obtains the day's date from the computer
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TRANBY

TRIGFS
TURNPT

UPDATE
UPDFDC
VEHPOQS
VINPUT
VISCOS
VISPR
XDY

YPRDEG

ZUMARY

Table 33 Subprogram Description Table (continued) (7 of 7)

converts coordinates from any body segment system to the inertial
system

computes components of data parameters dependent upon time step

calculates exact material turnaround point; ie deflection for
which deflection rate is zero

updates conditions before and after an integration step
updates functions in the TAB array

computes vehicle position and velocity components
processes input cards and initializes for vehicle motion
computes coulomb friction and viscous torques at joints
computes viscous and spring torques at joints

performs matrix multiplication of vector times matrix times
vector

computes yaw, pitch, and roll angles in degrees from direction
cosine matrix

controls reading and printing of output data from binary file

25



3.2 Linkage Structure

The linkage between the 133 subprograms is too complex to be illustrated
in a conventional flow diagram. Tables 34 and 35 have been developed to sum-
marize the linkage structure in a simple but convenient way. Table 34 lists
each subprogram and each routine that it calls. Table 35 is the inverse list-
ing each subprogram and each routine that calls it. Both tables are useful
depending which way you are following a chain of logic.
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Tahle 34 L INKAGE CROSS REFERENCE--PART 1, CALLER-CALLFDN (1 o€ R)

Caller Used

ADJUST

AIRBAG AIRBGG, CROSS, DOT31, ELTIME, MAT31; DSQRT

AIRBGG BGG, DOT31

AIRBG] DOT31, DOT33, DRCYPR, LOKIDJ, MAT33, PANEL ; DSQRT, MOD

AIRBG3 AIRBGG, DOT31, ELTIME, MAT31, PANEL, YPRDEG

BELTG CROSS, ELONG, MAT31; DABS, DATAN2, DMAX1, DMINT, DSQRT

BELTRT BELTG, CROSS, DOTT33, DOT31, ELTIME, FRCDFL, MAT31

BGG 989§§3 Dgzgli EDEPTH, INTERS, MAT31, MAT33, ORTHO, RCRT;
DARSIN, DSQRT

BINPUT DRCYPR, ELTIME, LOKIDJ, LOOKID, NEWPAG, PUSHER; IABS

BIVIN LOKIDJ, LOOKID, NEWPAG, PUSHER; DABS, DLOG, DMAaXI

BLDEFL CROSS, DOTT33, DOT33, MAT31; DMAXT, DMINT, DSQRT

BLKDTA DATANZ

BLOCK MAX0, MINO, MOD

BOXSCN

BXINFO DMINT, MAXO

CFACTT

CHAIN CROSS, DOT31, ELTIME; IABS

CINPUT BIVIN, FINPUT, LOADTP, LOKIDJ, LOOKID, NEWPAG

CMPUTE DZP, OUTPUT, PDAUX

CONTCT AIRBAG, BELTRT, ELTIME, PLELP, SEGSEG, SETACT; IABS

CROSS

CSOLID DSQRT

CUBRUT

DAUX CHAIN, CONTCT, DAUX11, DAUX12, DAUX22, DAUX31, DAUX3Z2, DAUX33,
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (2 of b)

Caller Used

DAUX11 ELTIME; IABS

DAUX12 ELTIME; IABS

DAUX22 DOT31, ELTIME; IABS

DAUX31 ELTIME; IABS

DAUX32 ELTIME; IABS

DAUX33 ELTIME

DAUX44 ELTIME; IABS

DAUX55 ELTIME; IABS

DEBUG LAND, SHFTR

DHHPIN

DINT ADJUST, CMPUTE, ELTIME, OQUTPUT, PDAUX, QSET, TRIGFS, UPDATE; DEXP,
DMINI

DOTT31

DOTT33

DOT31

DOT33

DRCYPR MAT33, ROT

DSETD CFACTT; DABS, DCOS, DSIN, DSQRT

DSETQ CFACTT; DABS

DSMSOL DABS

DZP ELTIME; DABS, DEXP

EDEPTH DSMSOL, MAT33; DABS, DSQRT

EFUNCT DABS, DSIGN
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (3 of 6)

Caller Used

EJOINT CROSS, DOT31, DOT33, EFUNCT, ELTIME, EULRAD, GLOBAL, MAT31, ROT,
VISCOS; DABS, DSQRT, IABS

ELONG DABS, DCOS, DSIN, DSQRT

ELTIME LTIME; FLOAT

ENTCOL

ENTROW

ENTVAL

EQUILB CHAIN, DAUX, DOT31, DRCYPR, MAT31, OUTPUT, PRINT, XDY; DABS, DSQRT

ERRMSG

EULRAD DABS, DARCOS, DATAN2, DMOD, DSIGN

EVALFD DABS, DMAX1, DMIN]

FINPUT EVALFD, LOKIDJ, LOOKID, PUSHER; DABS, IABS

FLXSEG CROSS, DOTT33, DOT31, DOT33, DRCYPR, ELTIME, MAT31, MAT33, XDY;
DARSIN, DATAN2, DCOS, DSIN, DSQRT

FOEVAL GETGR, NORLOD, TURNPT; DABS, IABS

FRCDFL EVALFD

FSMSOL ELTIME; IABS

GETGR

GLOBAL FRCDFL, HERRON; DABS, DARCOS, DSQRT

HEDING FLOAT, IABS, MINO

HERRON EVALFD; DATANZ2, DSQRT

IMPLS2 DAUX, DOT31, DOT33, DSMSOL, ELTIME, PRINT, XDY

IMPULS CROSS, DAUX, DOT31, EJOINT, ELTIME, MAT31, OUTPUT, PRINT, VISPR;

IABS
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (4 of 6)

Caller Used

INITAL CHAIN, DOT31, DRCYPR, ELTIME, EQUILB, LOKIDJ, LOOKID, MAT31, VEHPOS;
IABS

INTERL INTERP, NEARPT, PLANIN; DEXP

INTERP

INTERS DSMSOL, MAT31; DABS, DSQRT

IQVRLP

IREGN DABS

LOADSH MAXO, MINO

LOADTP

LODFEL FOEVAL, SHARED, SHAREG, SHAREL, SHAREM, SHARET; DMAX1, DMIN1, IABS

LOKIDJ IABS

LOOKID

LTIME TIME

(main) MAINPG

MAINPG BINPUT, BLKDTA, CINPUT, DEBUG, DINT, ELTIME, ERRMSG, INITAL, LOOKID,
NEWPAG, QUTPUT, PLOTR1, PLOTR2, PRINT, PRIPLT, QBUG, RSTART, SINPUT,
TODAY, VINPUT, ZUMARY ; DABS, MCD

MAT31

MAT33

NEARPT BLOCK, BOXSCN, BXINFO

NEWPAG

NORLOD INTERL; DMAX1, DMINI

ORTHO DSQRT

QUTPUT CROSS, DOTT33, NOT31, ELTIME, HEDING, LOKIDJ, LOOKID, MAT31, YPRDEG;
DARCOS, DSQRT, IABS, MINO

PANEL CROSS, DOT31, MAT31, MAT33

PBDAUX CROSS, DAUX, DSETQ, ELTIME, QBUG; DSQRT

PHITAB NEARPT; DABS, DMAX1, DMINi
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (5 of 6)

Caller Used

PLANIN DABS

PLELP BLDEFL, CROSS, CSOLID, DOTT33, DOT31, DOT33, IOVRLP, LODFEL,
MAT31, PSOLID, TRANBY; DABS, DMAX1, DMINT, DSQRT

PLOTRI

PLOTR2

PLSEGF CROSS, DOT31, LODFEL, MAT31; DMIN1, DSQRT

PLTXYZ MAT31

PRINT DOT31, YPRDEG; DSQRT

PRIPLT DOT31, ELTIME, PLTXYZ; IABS, MOD

PSOLID IREGN

PUSHER

QBUG IABS

QSET DSQRT

RCRT DSQRT

ROT DABS, DCOS, DSIGN, DSIN

RSTART ELTIME, OUTPUT, SEARCH; DABS, IABS

SEARCH MAXO

SEGSEG CROSS, DOTT33, DOT31, DOT33, DSMSOL, ELTIME, INTERS, MAT31, MAT33,
PLSEGF, PUSHER, XDY; DSQRT, IABS

SETACT LOADSW, PUSHER; DABS, IABS

SETUPI CROSS, DOT31, ELTIME; IABS

SETUP2 gzggs, DHHPIN, DOTT31, DOTT33, DOT31, ELTIME, MAT33; DABS, DSQRT,

SHARF D SLVCBC, SLVGEN; DABS, DMIN1, DSQRT, IABS

SHARLG FOEVAL, SHARED; DABS, MAXO
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (6 of b)

Caller Used

SHAREL OMIN1

SHAREM FOEVAL; DABS, DMAX1, DMINT, DSIGN

SHARET PHITAB, SHARED, SHAREL; OMAX1, DMINI

SINPUT AIRBG1, DRCYPR, (OKIDJ, LOOKID, NEWPAG, PUSHER: DMIN1, MOD

SLVCBC CUBRT; DARCOS, DCOS, DSQRT

SLVGEN DABS

SPDAMP CROSS, DOT31, ELTIME, MAT31; DABS, DSQRT

TODAY TIME

TRANBY CROSS, DOT3]

TRIGFS

TURNPT DMAX]

UPDATE AIRBG3, CROSS, DAUX, DOT31, ELTIME, IMPLS2, IMPULS, OUTPUT, PRINT,
SETUP2, UPDFDC, XDY; DABS, DSQRT, IABS

UPDFDC EVALFD, FRCDFL; NMAX1, DSQRT

VEHPOS DFLOAT, DSIN

VINPUT DOT31, DRCYPR, DSETD, LOKIDJ, LOOKID, NEWPAG, YPRDEG; DCOS, DFLOAT,
DSIN, IABS, MOD

VISCOS

VISPR CROSS, DOT33, EFUNCT, ELTIME, GLOBAL, MAT31, VISCOS; DARCOS, DATANZ,
DSQRT, IABS

XDy

YPRDEG DABS, DARSIN, DATANZ, DSIGN

ZUMARY HEDING; MINO, MOD

"
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Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (1 of 6)

Called Users

ADJUST DINT

AIRBAG CONTCT

AIRBGG AIRBAG, AIRBG3
AIRBGI SINPUT

AIRBG3 UPDATE

BELTG BELTRT

BELTRT CONTCT

BGG AIRBGG

BINPUT MAINPG

BIVIN CINPUT

BLDEFL PLELP

BLKDTA MAINPG

BLOCK NEARPT

BOXSCN MEARPT

BXINFQ NEARPT

CFACTT DSETD, DSETQ
CHAIN DAUX, EQUILB, INITAL
CINPUT MAINPG

CMPUTE DINT

CONTCT DAUX

CROSS AIRBAG, BELTG, BELTRT, BGG, BLDEFL, CHAIN, EJOINT, FLXSEG, IMPULS,

QUTPUT, PANEL, PDAUX, PLELP, PLSEGF, SEGSEG, SETUP1, SETUPZ2,
SPDAMP, TRANBY, TRANVI, UPDATE, VISPR

CSOLID PLELP
CUBRUT SLVCBC
DAUX EQUILB, IMPLS2, IMPULS, PDAUX, UPDATE

33



Table 35 LINKAGE CROSS-RFFERENCE--PAR
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Called Users

DAUXT1 DAUX

DAUX12 DAUX

DAUX22 DAUX

DAUX31 DAUX

DAUX32 DAUX

DAUX33 DAUX

DAUX44 DAUX

DAUX55 DAUX

DEBUG MAINPG

DHHPIN SETUP2

DINT MAINPG

DOTT31 SETUP2

DOTT33 BELTRT, BLDEFL, FLXSEG, OUTPUT, PLELP, SEGSEG, SETUP2

DOT31 AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTRT, BGG, CHAIN, DAUX22, EJOINT,
EQUILB, FLXSEG, IMPLS2, IMPULS, INITAL, OUTPUT, PANEL, PLELP,
PLSEGF, PRINT, PRIPLT, SEGSEG, SETUP1, SETUP2, SPDAMP, TRANBY,
UPDATE, VINPUT

DOT33 AIRBG1, BLDEFL, EJOINT, FLXSEG, IMPLS2, PLELP, SEGSEG, VISPR

DRCYPR AIRBG1, BINPUT, EQUILB, FLXSEAR, INITAL, SINPUT, VINPUT

DSETD VINPUT

DSETQ PDAUX

DSMSOL EDEPTH, IMPLSZ2, INTERS, SEGSEG

DZP CMPUTE

EDEPTH BGG

EFUNCT EJOINT, VISPR

EJOINT DAUX, IMPULS

ELONG BELTG
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Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (3 of 6)

Called Users
ELTIME AIRBAG, AIRBG3, BELTRT, BINPUT, CHAIN, CONTCT, DAUX, DAUX11, DAUX12,
nayx22, DAUX31, DAUX32, DAUX33, DAUX44, DAUX55, DINT, DZP, EJOINT,
FLXSEG, FSMSOL, IMPLS2, IMPULS, INITAL, MAINPG, OUTPUT, PDAUX,
PRIPLT, RSTART, SEGSEG, SETUP1, SETUP2, SPDAMP, UPDATE, VISPR
EQUILB INITAL
ERRMSG MAINPG
EULRAD EJOINT
EVALFD FINPUT, FRCDFL, HERRON, UPDFDC
FINPUT CINPUT
FLXSEG DAUX
FOEVAL LODFEL, SHAREG, SHAREM
FRCDFL BELTRT, GLOBAL, UPDFDC
FSMSOL DAUX
GETGR FOEVAL
GLOBAL EJOINT, VISPR
HEDING QUTPUT, ZUMARY
HERRON GLOBAL
IMPLS2 UPDATE
IMPULS UPDATE
INITAL MAINPG
INTERL NORLOD
INTERP INTERL
INTERS BGG, SEGSEG
IOVRLP PLELP
[REGN PSOLID



Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (4 of 6)

Called Users

LOADSW SETACT

LOADTP CINPUT

LODFEL PLELP, PLSEGF

LOKIDJ AIRBG1, BINPUT, BIVIN, CINPUT, FINPUT, INITAL, OUTPUT, SINPUT,
VINPUT

LOOKID BINPUT, BIVIN, CINPUT, FINPUT, INITAL, MAINPG, OUTPUT, SINPUT,
VINPUT

LTIME ELTIME

MAINPG (main)

MAT31 AIRBAG, AIRBG3, BELTG, BELTRT, BGG, BLDEFL, EJOINT, EQUILB,
FLXSEG, IMPULS, INITAL, INTERS, OUTPUT, PAMEL, PLELP, PLSEGF,
PLTXYZ, SEGSEG, SPDAMP, VISPR

MAT33 AIRBG1, BGG, DRCYPR, EDEPTH, FLXSEG, PANEL, SEGSEG, SETUP2

NEARPT INTERL, PHITAB

NEWPAG BINPUT, BIVIN, CINPUT, MAINPG, SINPUT, VINPUT

NORLOD FOEVAL

ORTHO BGG

QUTPUT CMPUTE, DINT, EQUILB, IMPULS, MAINPG, RSTART, UPDATE

PANEL AIRBG1, AIRBG3

PDAUX CMPUTE, DINT

PHITAB SHARET

PLANIN INTERL

PLELP CONTCT

PLOTRI MAINPG

PLOTRZ MAINPG

PLSEGF SEGSEG

PLTXYZ PRIPLT

PRINT DAUX, EQUILB, IMPLS2, IMPULS, MAINPG, UPDATE

PRIPLT MAINPG
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Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (5 of 6)

Called Users

PSOLID PLELP

PUSHER BINPUT, BIVIN, FINPUT, SEGSEG, SETACT, SINPUT
QBUG MAINPG, DAUX
QSET DINT

RCRT BGG

ROT DRCYPR, EJOINT
RSTART MAINPG

SEARCH RSTART

SEGSEG CONTCT

SETACT CONTCT

SETUPI DAUX

SETUP2 DAUX, UPDATE
SHARED LODFEL, SHAREG, SHARET
SHAREG LODFEL

SHAREL LODFEL, SHARET
SHAREM LODFEL

SHARET LODFEL

SINPUT MAINPG

SLVCBC SHARED

SLVGEN SHARED

SPDAMP DAUX

TODAY MAINPG

TRANBY PLELP

TRIGFS DINT

TURNPT FOEVAL
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Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (6 of 6)

Called Users

UPDATE DINT

UPDFDC UPDATE

VEHPOS DAUX, INITAL

VINPUT MAINPG

VISCOS EJOINT, VISPR

VISPR DAUX, IMPULS

XDY EQUILB, FLXSEG, IMPLS2, SEGSEG, UPDATE
YPRDEG AIRBG3, OUTPUT, PRINT, VINPUT

ZUMARY MAINPG
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3.3 Internal Communication

The communication of information is handled by means of arguments and
commons. Table 36 lists each subprogram which uses arguments together with
the arguments. Table 37 lists each subprogram together with all the labelled

commons whic e used in it. Table 38 is the inverse listing each common

h

<3}

together with all subprograms in which it appears. Both tables are useful
depending on which way you are following an information chain. Table 39

is a Symbol Dictionary covering every quantity which appears in an argument
list, a common, or is in a debug printout. At this writing, not all quan-
tities have been defined in this table. The level of effort required was
not within the scope of this contract. Some commons contain temporary sto-
rage and have different uses of the same physical storage in different parts
of the model run. Redefinitions of this sort are specified in the Symbol
Table by postscripting a number sign (#) and a number signifying which de-

finition to the common name.
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No. of

ROUTINE Arg. Arguments

ADJUST 5 M, D1, N, X(240), DER(240)

AIRBGG ] J

AIRBG3 1 IRESET

BELTG 5 D(3,3), BELT(20), 7G(3), BD(24), ZC(3)

BELTRT 5 I, II, MM, M, NT

BGG 19 A(3,3), ZA(3), DA(3,3), BFA(3), VA(3), WA(3), B(3,3), ZB(3),
nB(3,3), BFR(3), vB(3), WB(3), vscs TFULL, TV(3), FRA(3),
TORQ(3), TQB(3). VoL

BLDEFL z M, KELLPR

BLOCK 5 HOMBOX, RADIUS, BOXNUM, NUMROW, NUMCOL

BOXSCN 10 LINDEX, X, Y, BOX, XNEAR(10,2), FNEAR(10), MNRAD2, DIST(10),
FARPTR, NCLOSE

BXINFO 9 LINDEX, X, Y, DELMIN, HOMBOX, NUMROW, NUMCOL, MAXBOX,
MINRAD

CFACTT 3 A(3,3), B(3,3), D

CMPUTE 7 K, M, FT, T, N, X{240), DER(240)

CROSS 3 A(3), B(3), ¢(3)

CSOLIN 11 X0, Y0, 20, X1, X2, Y2, XxX1, YY1, Q, RBAR, IETASE

CUBRUT 1 ARG

DAUX 1 11

DEBUG 2 J, IBUG(16)

DHHPIN 5 DD(3,3), BN(3), L, M, N

DINT 10 IN, N, DPTR, HO, HMAX, HMIN, T, X(240), DER(240), NDINT

DOTT31 3 A(3), B(3), c(3,3)

DOTT33 3 A(3,3), B(3,3), C(3,3)

DOT31 3 A(3,3), B(3), C(3)
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Table 36 ROUTINE ARGUMENT LISTS (2 of 5)

ROUTINE Xgé.Of Arguments

DOT33 3 A(3,3), B(3,3), €(3,3)

DRCYPR 5 D(3,3), A(3), 11, 12, 13

NSETD 3 D(3,3), TH(3), T

DSETQ 5 E(3,3), TH(3), ES, EC, D(3,3)

DSMSOL 3 A(LL,1), KK, LL

DZpP 6 N, X(1), 66(5,1), E{3,1), R, M

EDEPTH 9 A(3,3), B(3,3), xM(3), T, Y(3), XA(3), XB(3), XL, XU
EFUNCT 4 TH, THD, SPR(5), JSTOP

EJOINT 2 1J, NJ

ELONG 5 A, B, C, D, E

ELTIME 2 L, N

ENTCOL 5 A(2), v(2), N, M, J

ENTROW 5 A(2), v(2), N, M, I

ENTVAL 6 A(2), V, N, M, 1,0

EQUILB 1 YPR(3,22)

ERRMSG 1 TFATAL

EULRAD 3 0(3,3), A(3), IC

EVALFD 3 D, N, L

FOEVAL 2 K, IC

FRCDFL 3 D, M, N

FSMSOL 6 €(3,3,1), R(3,1), NN(JIN,1), MX, MAXN, JN
GETGR 5 K, KMATL, DEL, G, R

GLOBAL 6 J, HD3(3), DH1(3,3), TQC, T9(3), ANGL(3)
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Table 36 ROUTINE ARGUMENT LISTS (3 of 5)

ROUTINE zgé_°f Arguments

HEDING 2 LINES, KATGRY

HERRON 4 HD3(3), NT1, THETO, THETOP

IMPLS2 3 MODE, J, H(3)

IMPULS 3 11, 12, 13

INTERL 7 LINDEX, X, Y, F, PFD, PFDD, IER

INTERP 8 XCORNR(2,2), DELTA(2), X, Y, F, FNEAR(4), PFD, PFDD

INTERS 7 A(3,3), B(3,3), xM(3), T, Xx(3), vV, AX(3)

TOVRLP 4 X1, Y2, Q, RBAR?

TREGN 3 D, R, IETAR

LOADSW 2 L1, L2

LOADTP 3 ND, NR, NC

LODFEL 4 KKACT, FN, FTS, FTF

LOKIDJ 5 I, J, K, M, N

LOOKID 3 I, J, K

LTIME 1 N

MAT 31 3 A(3,3), B(3), C(3)

MAT33 3 A(3,3), B(3,3), €(3,3)

NEARPT 10 LINDEX, X, Y, XNEAR(10,2), FNEAR(10), DIST(10), MINBOX,
MAXBOX, FARPTR, NCLOSE

NEWPAG 3 LINE, N, M

NORLOD 5 TDEL, TDELD, FOR, PFD, PFDD

ORTHO 3 P(L,3), X(3), L

OUTPUT 1 1JK

PANEL 3 DRR(3,3), ZR(3), JB

PDAUX 4 VAR(3,1), DER(3,1), NEQ, KDINT
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Table 36 ROUTINE ARGUMENT LISTS (4 of 5)

ROUTINE ﬂgé_°f Arguments

PHITAB 9 NBIVTK, COEF(27), CZERO, D, R, BOTDT, TOPDT, BOTRT, TOPRT,
PLANIN 8 XN(3,2), FN(3), XV, YV, FV, PFD, PFDD, IER
PLELP 4 KELLP, KPAN, KACT, IPICP

PLOTRI 1 LDNELL

PLOTR2 1 LDNELL

PLSEGF 3 M, N, KACT

PLTXYZ 2 P(3), C

PRINT 1 SUB

PSOLID 13 X, Y, X0C, YOoC, X1, X2, Y2, Q, RBAR, XX1, YY1, IETASE, IETAR
PUSHER 3 IDIR, IBEG, NUM

QSET 5 F(5,3,80), Y(5,3,80), X(3,80), DER(3,80), N
RCRT 4 A(3,3), PL(4,3), Z(3), IP

ROT 3 A(3,3), L, TH

RSTART 2 IF, IT

SEARCH 4 AVAR, INDEX, NCOM, ITEM

SEGSEG 3 KELLP, KELLP2, KACT

SETACT 6 KFP1, KFP2, NUMACT, KACSWT, KACT, KKK

SHARED 3 LSWT, LSUB, NCOUNT

SHAREL 1 NCOUNT

SLVCBC 7 U, v, W, BOT, TOP, X, IER

SLVGEN 11 z, 80T, TOP, CO, C1, C2, C3, C4, C5, C6, IER
TODAY 3 I, J, DATE(3)

TRANBY 3 P(3), PD(3), NBODY

43



Table 36 ROUTINE ARGUMENT LISTS (5 of £)

No. of

ROUTINE Arg. Arguments

TURNPT 6 D, DP, DPP, R, RP, RPP
UPDATE 1 I

UPDFDC 1 M

VISCOS 3 ZD, VISC(5), HA

VISPR 2 1J, NJ

XDY 3 Xx(3), D(3,3), Y(3)
YPRDEG 2 D(3,3), A(3)

ZUMARY 1 ISWT
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Table 37 COMMON ISARE--PART 1, ROUTINE-COMMONS USED (1 of 6)

Routine Commons Used

ADJUST CDINT, CNSNTS, FLECK

AIRBAG ABDATA, CNSNTS, CNTSRF, CONTROL, CYDATA, DESCRP, FNRCES, IOCNTL, IRBASE,
JBARTZ, SGMNTS, TEMPVS, VPOSTN

AIRBGG ABDATA, CNSNTS, CNTSRF, CONTROL, CYDATA, FORCES, IRBASE, JBARTZ, SGMNTS,
TEMPYS, VPOSTN

ATRBGI ABDATA, CNSNTS, CNTSRF, CONTRL, CYDATA, DESCRP, ERRER, FORCES, INTEST,
IOCNTL, IRBASE, SGMNTS, TEMPVS, TITLES

AIRBG3 ABDATA, CNSNTS, CNTSRF, CONTRL, CYDATA, FORCES, IOCNTL, IRBASE, JBARTZ,
SGMNTS, TEMPVS, VPOSTN

BELTG CNSNTS, CONTRL, IOCNTL, TEMPVS

BELTRT CNTSRF, CONTRL, FORCES, SGMNTS, TABLES, TEMPVS, VPOSTN

BGG CNSNTS, IRBASE, TEMPVS

BINPUT CEULER, CNSNTS, CNTSRF, CONTRL, DESCRP, ERRER, FLXBLE, INTEG, INTEST,
IOCNTL, IRBASE, TEMPVS, TITLES

BIVIN CNSNTS, CNTRLZ, ERRER, INTEG, IOCNTL, IRBASE, REAL

BLDEFL CONTRL, DSTUFF, IOCNTL, REAL, SGMNTS

BLKDTA CNSNTS, TEMPVS

BLOCK

BOXSCN INTEG, REAL

BXINFO INTEG, REAL

CFACTT

CHAIN CONTRL, DESCRP, IOCNTL, SGMNTS, TEMPVS

CINPUT ERRER, INTEG, IOCNTL, IRBASE, REAL, TABLES, TEMPVS

CMPUTE CDINT, CONTRL, IRBASE

CONTCT CONTRL, FORCES, INTEG, IRBASE, JBARTZ, TABLES

CROSS

CSOLID

CUBRUT

DAUX CMATRX, CNSNTS, CONTRL, CSTRNT, NESCRP, ERRER, FLXBLE, IOCNTL, IRBASE,

SGMNTS, TEMPVS
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Table 37 COMMON USAGE--PART 1, ROUTINE-COMMONS USED (2 of 6)

Routine Commons Used

DAUXT1 CMATRX, CONTRL, DESCRP, SGMNTS, TEMPVS

DAUX12 CMATRX, CONTRL, DESCRP, TEMPVS

DAUX22 CEULER, CMATRX, CONTRL, DESCRP, SGMNTS, TEMPVS

DAUX31 CMATRX, CONTRL, CSTRNT, DESCRP, TEMPVS

DAUX32 CMATRX, CONTRL, CSTRNT, DESCRP, TEMPVS

DAUX33 CMATRX, CONTRL, CSTRNT, DESCRP, SGMNTS, TEMPVS

DAUX44 CMATRX, CONTRL, CSTRNT, DESCRP, FLXBLE, SGMNTS, TEMPVS
DAUX55 CMATRX, CNSNTS, CONTRL, CSTRNT, DESCRP, FLXBLE, SGMNTS, TEMPVS
DEBUG IOCNTL

DHHPIN CEULER, DESCRP, SGMNTS

DINT CDINT, CNSNTS, CONTRL, FLECK, INTEST, IOCNTL, IRBASE
DOTT31

DOTT33

DOT31

DOT33

DRCYPR CNSNTS

DSETD CNSNTS, IOCNTL

DSETQ CNSNTS, IOCNTL

DSMSOL IOCNTL, IRBASE

DZP CNSNTS

EDEPTH CNSNTS, CONTRL, IOCNTL, IRBASE

CFUNCT

EJOINT CEULER, CMATRX, CNSNTS, CONTRL, DESCRP, FORCES, SGMNTS, TEMPVI, TEMPVS
ELONG

ELTIME GBTIME, IOCNTL
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Table 37 CNOMMON [ISAGE--PART 1, ROITTNF-CAMMNNG IISEN (3 o< &)

Routine Commons Used

ENTCOL

ENTROW

ENTVAL

EQUILB CMATRX, CNSNTS, CNTSRF, CONTRL, CSTRNT, DESCRP, IOCNTL, IRBASE, JBARTZ,
SGMNTS, TABLES, TEMPVS, TITLES

ERRMSG ERRER, IOCNTL

EULRAD CNSNTS

EVALFD TABLES

FINPUT CNSNTS, CONTRL, CSTRNT, DESCRP, ERRER, INTEG, IOCNTL, IRBASE, JBARTZ,
TABLES, TEMPVS, TITLES

FLXSEG CNSNTS, FLXBLE, SGMNTS, TEMPYS

FOEVAL CONTRL, INTEG, INCNTL, IRBASE, REAL, SHRCMA, SHRCMG, SHRCMH

FRCDFL TABLES

FSMSOL TIOCNTL, IRBASE

GETGR INTEG, REAL

GLOBAL CNSNTS, DESCRP, TABLES, TEMPVI

HEDING CNSNTS, COMAIN, CONTRL, FORCES, INTEG, IOCNTL, IRBASE, JBARTZ, OUTCTL,
REAL, RSAVE, TEMPVS, TITLES, ZUMOUT

HERRON CNSNTS, TABLES

IMPLS2 CMATRX, CONTRL, CSTRNT, DESCRP, FLXBLE, IRBASE, SGMNTS

IMPULS CMATRX, CONTRL, CSTRNT, DESCRP, ERRER, FLXBLE, IOCNTL, IRBASE, JBARTZ,

SGMNTS, TABLES, TEMPVI, VPOSTN
INITAL CNSNTS, CONTRL, DESCRP, ERRER, IOCNTL, IPBASE, SGMNTS, TEMPVS, TITLES,

VPOSTN
INTERL RIVTAB, CONTRL, ERRER, INTEG, IOCNTL, MISCL, REAL
INTERP
INTERS CNSNTS, IOCNTL, IRBASE
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Table 37 COMMON USAGE--PART 1, ROUTINE-COMMONS USED (4 of 6)

Routine Commons Used

IOVRLP

IREGN

LOADSW

LOADTP

LODFEL CONTRL, ERRER, INTEG, IOCNTL, IRBASE, MISCL, REAL, SHRCMA, SHRCMB,
SHRCMC, SHRCMD, SHRCME, SHRCMF, SHRCMG, SHRCMH

LOKIDJ ERRER

LOOKID ERRER

LTIME

(main) INTEG, IRBASE, REAL

MAINPG CNSNTS, CNTRL2, CNTSRF, COMAIN, CONTRL, ERRER, FORCES, INTEG, IOCNTL,
IRBASE, MISCL, REAL, RSAVE, RSTUFF, SGMNTS, TITLES, VPOSTN

MAT31

MAT33

NEARPT BIVTAB, INTEG

NEWPAG IOCNTL

NORLOD CONTRL, ERRER, IOCNTL, IRBASE, MISCL, REAL. SHRCMG

ORTHO

QUTPUT CNSNTS, COMAIN, CONTRL, CSTRNT, DAMPER, DESCRP, ERRER, FLXBLE, FORCES,
INTEG, IOCNTL, IRBASE, JBARTZ, OQUTCTL, REAL, RSAVE, RSTUFF, SGMNTS,
TEMPVS, TITLES, VPOSTN, ZUMOUT

PANEL CONTRL, SGMNTS

PDAUX CONTRL, DESCRP, FLXBLE, INTEST, IRBASE, SGMNTS, TEMPVS

PHITAB CNSNTS, CONTRL, ERRER, INTEG, IOCNTL, IRBASE. REAL

PLANIN

PLELP CNSNTS, CONTRL, DSTUFF, INTEG, IOCNTL, IRBASE, MISCL, PLSTR, REAL,
SGMNTS, TEMPVYS

PLOTR1 CNTSRF, CONTRL, INTEG, REAL, TITLES

PLOTRZ CNTSRF, CONTRL, INTEG, PLSTR, REAL, SGMNTS, VPOSTN
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Table 37 COMMON USAGE--PART 1, ROUTINE-COMMONS USED (5 of 6)

Routine Commons Used

PLSEGF CSTRNT, INTEG, IRBASE, REAL, SGMNTS, TABLES, TEMPVI, TEMPVS

PLTXYZ CONTRL, SGMNTS, TEMPVS, VPOSTN

PRINT CMATRX, CNSNTS, CONTRL, CSTRNT, DESCRP, IOCNTL, SGMNTS, TITLES

PRIPLT CNTSRF, CONTRL, DESCRP, IOCNTL, JBARTZ, SGMNTS, TEMPVS, TITLES, VPOSTN

PSOLID

PUSHER CONTRL, ERRER, INTEG, IOCNTL, IRBASE, REAL

QBUG INTEG, IOCNTL, IRBASE, REAL

QSET

RCRT

ROT CNSNTS

RSTART ABDATA, CDINT, CEULER, CMATRX, CNSNTS, CNTRL2, CNTSRF, COMAIN, CONTRL,
CSTRNT, CYDATA, DAMPER, DESCRP, FLXBLE, FORCES, INTEG, INTEST, IOCNTL,
IRBASE, JBARTZ, MISCL, OUTCTL, REAL, RSAVE, RSTUFF, SGMNTS, TABLES,
TEMPVI, TITLES, VPOSTN, ZUMOUT

SEARCH

SEGSEG CNTSRF, CSTRNT, FORCES, INTEG, IRBASE, REAL, SGMNTS, TABLES, TEMPVS

SETACT CNTRL2, CONTRL, INTEG, IOCNTL, IRBASE, REAL

SETUP1 CMATRX, COMTRL, DESCRP, IOCNTL, SGMNTS, TEMPVS

SETUP2 CMATRX, CNSNTS, CONTRL, CSTRNT, DESCRP, SGMNTS, TEMPVS

SHARED CONTRL, IOCNTL, MISCL, REAL, SHRCMA, SHRCMB, SHRCMD, SHRCME, VPOSTN

SHAREG CNSNTS, CONTRL, IOCNTL, IRBASE, REAL, SHRCMA, SHRCMB, SHRCMC, VPOSTN

SHAREL CONTRL, IOCNTL, MISCL, REAL, SHRCMA, SHRCMB, SHRCMD, SHRCMF, SHRCMF

SHAREM CONTRL, IOCNTL, IRBASE, REAL, SHRCMA, SHRCMB, SHRCMC

SHARET CONTRL, IOCNTL, IRBASE, MISCL, REAL, SHRCMA, SHRCMB, SHRCMC, SHRCME,
SHRCMF

SINPUT CNSNTS, CNTRL2, CNTSRF, CONTRL, CSTRNT, DAMPER, ERRER, INTEG, IOCNTL,

[RBASE, REAL, SGMNTS, TEMPVS, TITLES
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Table 37 COMMON USAGE--PART 1. ROUTINF-COMMONS 1IRFN (R g¢ &)

Routines Commons Used

SLVCBC

SLVGEN CONTRL, IOCNTL

SPDAMP DAMPER, SGMNTS, TEMPVS

TODAY

TRANBY SGMNTS

TRIGFS CDINT, CNSNTS, FLECK

TURNPT

UPDATE CEULER, CMATRX, CONTRL, CSTRNT, DESCRP, FORCES, INTEG, IOCNTL, IRBASE,
JBARTZ, SGMNTS, TABLES, TEMPVI

UPDFDC TABLES

VEHPOS CNSNTS, CONTRL, SGMNTS, VPOSTN

VINPUT CNSNTS, CONTRL, DESCRP, ERRER, INTEST, IOCNTL, IRBASE, SGMNTS, TEMPVS,
TITLES, VPOSTN

VISCOS

VISPR CEULER, CMATRX, CNSNTS, CONTRL, DESCRP, FORCES, IOCNTL, SGMNTS, TEMPVI,
TEMPVS

XDY

YPRDEG CNSNTS

ZUMARY CNSNTS, COMAIN, CONTRL, FORCES, INTEG, IOCNTL, IRBASE, JBARTZ, OUTCTL,

REAL, RSAVE, TEMPVS, TITLES, ZUMOUT
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Table 38 COMMON USAGE--PART 2, COMMON-ROUTINES USED IN (1 of 3)

Common Routines

ABDATA AIRBAG, AIRBGG, AIRBG1, AIRBG3, RSTART

BIVTAB INTERL, NEARPT

CDINT ADJUST, CMPUTE, DINT, RSTART, TRIGFS

CEULER BINPUT, DAUX22, DHHPIN, EJOINT, RSTART, UPDATE, VISPR

CMATRIX DAUX, DAUX11, DAUX12, DAUX22, DAUX31, DAUX32, DAUX33, DAUX44, DAUXSS,
EJOINT, EQUILB, IMPLS2, IMPULS, PRINT, RSTART, SETUP1, SETUP2, UPDATE,
VISPR

CNSNTS ADJUST, AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTG, BGG, BINPUT, BIVIN,
BLKDTA, DAUX, DAUXS55, DINT, DRCYPR, DSETD, DSETQ, DZP, EDEPTH, EJOINT,
EQUILB, EULRAD, FINPUT, FLXSEG, GLOBAL, HEDING, HERRON, INITAL, INTERS,
MAINPG, OUTPUT, PHITAB, PLELP, PRINT, ROT, RSTART, SETUP2, SHAREG,
SINPUT, TRIGFS, VEHPOS, VINPUT, VISPR, YPRDEG, ZUMARY

CNTRL2 BIVIN, MAINPG, RSTART, SETACT, SINPUT

CNTSRF AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTRT, BINPUT, EQUILB, MAINPG,
PLOTR1, PLOTR2, PRIPLT, RSTART, SEGSEG, SINPUT

COMAIN HEDING, MAINPG, OUTPUT, RSTART, ZUMARY

CONTRL AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTG, BELTRT, BINPUT, BLDEFL, CHAIN,

CMPUTE, CONTCT, DAUX, DAUX11, DAUX12, DAUX22, DAUX31, DAUX32, DAUX33,
DAUX44, DAUX55, DINT, EDEPTH, EJOINT, EQUILB, FINPUT, FOEVAL, HEDING,
IMPLS2, IMPULS, INITAL, INTERL, LODFEL, MAINPG, NORLOD, QUTPUT, PANEL,
PDAUX, PHITAB, PLELP, PLOTR1, PLOTRZ, PLTXYZ, PRINT, PRIPLT, PUSHER,
RSTART, SETACT, SETUP1, SETUP2, SHARED, SHAREG, SHAREL, SHAREM, SHARET,
SINPUT, SLVGEN, UPDATE, VEHPOS, VINPUT, VISPR, ZUMARY

CSTRNT DAUX, DAUX31, DAUX32, DAUX33, DAUX44, DAUX55, EQUILB, FINPUT, IMPLSZ,
IMPULS, OUTPUT, PLSEGF, PRINT, RSTART, SEGSEG, SETUPZ, SINPUT, UPDATE

CYDATA AIRBAG, AIRBGG, AIRBG1, AIRBG3, RSTART

DAMPER QUTPUT, RSTART, SINPUT, SPDAMP

DESCRP AIRBAG, AIRBGI, BINPUT, CHAIN, DAUX, DAUX11, DAUX12, DAUX22, DAUX31,

DAUX32, DAUX33, DAUX44, DAUX55, DHHPIN, EJOINT, EQUILB, FINPUT, GLOBAL,
IMPLS2, IMPULS, INITAL, OQUTPUT, PDAUX, PRINT, PRIPLT, RSTART, SETUPI,
SETUPZ, UPDATE, VINPUT, VISPR

DSTUFF BLDEFL, PLELP

ERRER AIRBG1, BINPUT, BIVIN, CINPUT, DAUX, ERRMSG, FINPUT, IMPULS, INITAL, INTERL,
LODFEL, LOKIDJ, LOOKID, MAINPG, NORLOD, OUTPUT, PHITAB, PUSHER, SINPUT, VINPUT

FLECK ADJUST, DINT, TRIGFS
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Table 38 COMMON USAGE--PART 2, COMMON-ROUTINES USED IN (2 of 3)

Common Routines

FLXBLE BINPUT, DAUX, DAUX44, DAUX55, FLXSEG, IMPLS2, IMPULS, OQUTPUT, PDAUX,
RSTART

FORCES AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTRT, CONTCT, EJOINT, HEDING, MAINPG,
OUTPUT, RSTART, SEGSEG, UPDATE, VISPR, ZUMARY

GBTIME ELTIME

INTEG BINPUT, BIVIN, BOXSCN, BXINFO, CINPUT, CONTCT, FINPUT, FOEVAL, GETGR,

HEDING, INTERL, LODFEL, (main), MAINPG, NEARPT, OUTPUT, PHITAB, PLELP,
OLOTR1, PLOTR2, PLSEFG, PUSHER, QBUG, RSTART, SEGSEG, SETACT, SINPUT,
UPDATE, ZUMARY

INTEST AIRBG1, BINPUT, DINT, PDAUX, RSTART, VINPUT

IOCNTL AIRBAG, AIRBG1, AIRBG3, BELTG, BINPUT, BIVIN, BLDEFL, CHAIN, CINPUT,
DAUX, DEBUG, DINT, DSETD, DSETQ, DSMSOL, EDEPTH, ELTIME, EQUILB,
ERRMSG, FINPUT, FOEVAL, FSMSOL, HEDING, IMPULS, INITAL, INTERL, INTERS,
LODFEL, MAINPG, NEWPAG, NORLOD, OUTPUT, PHITAB, PLELP, PRINT, PRIPLT,
PUSHER, QBUG, RSTART, SETACT, SETUP1, SHARED, SHAREG, SHAREL, SHAREM,
SHARET, SINPUT, SLVGEN, UPDATE, VINPUT, VISPR, ZUMARY

IRBASE AIRBAG, AIRBGG, AIRBG!, AIRBG3, BGG, BINPUT, BIVIN, CINPUT, CMPUTE,
CONTCT, DAUX, DINT, DSMSOL, EDEPTH, EQUILB, FINPUT, FOEVAL, FSMSOL,
HEDING, IMPLS2, IMPULS, INITAL, INTERS, LODFEL, (main), MAINPG, NORLOD,
OUTPUT, PDAUX, PHITAB, PLELP, PLSEGF, PUSHER, QBUG, RSTART, SEGSEG,
SETACT, SHAREG, SHAREM, SHARET, SINPUT, UPDATE, VINPUT, ZUMARY

JBARTZ AIRBAG, AIRBGG, AIRBG3, CONTCT, EQUILB, FINPUT, HEDING, IMPULS, OUTPUT,
PRIPLT, RSTART, UPDATE, ZUMARY

MISCL INTERL, LODFEL, MAINPG, NORLOD, PLELP, RSTART, SHARED, SHAREL

QUTCTL HEDING, OUTPUT, RSTART, ZUMARY

PLSTR PLELP, PLOTRZ

REAL BIVIN, BLDEFL, BOXSCN, BXINFO, CINPUT, FOEVAL, GETGR, HEDING, INTERL,

LODFEL, (main), MAINPG, NORLOD, OUTPUT, PHITAB, PLELP,PLOTR1, PLOTRZ,
PLSEGF,PUSHER, QBUG, RSTART, SEGSEG, SETACT, SHARED, SHAREG, SHAREL,

SHAREM, SHARET, SINPUT, ZUMARY

RSAVE HEDING, MAINPG, OUTPUT, RSTART, ZUMARY

RSTUFF MAINPG, OUTPUT, RSTART

SHRCMA FOEVAL, LODFEL, SHARED, SHAREG, SHAREL, SHAREM, SHARET
SHRCMB LODFEL, SHARED, SHAREG, SHAREL, SHAREM, SHARET

SHRCMC LODFEL, SHAREG, SHAREM, SHARET

SHRCMD LODFEL, SHARED, SHAREL
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Common Routines

SHRCME LODFEL, SHARED, SHAREL, SHARET

SHRCMF LODFEL, SHAREL, SHARET

SHRCMG FOEVAL, LODFEL, NORLOD

SHRCMH FOEVAL, LODFEL

SGMNTS AIRBAG, AIRBGG, AIRBGl1, AIRBG3, BELTRT, BLDEFL, CHAIN, DAUX, DAUXTT,
DAUX22, DAUX33, DAUX44, DAUX55, DHHPIN, EJOQINT, EQUILB, FLXSEG, IMPLS2,
IMPULS, INITAL, MAINPG, QUTPUT, PNAEL, PDAUX, PLELP, PLOTR2, PLSEGF,
PLTXYZ, PRINT, PRIPLT, RSTART, SEGSEG, SETUP1, SETUP2, SINPUT, SPDAMP,
TRANBY, UPDATE, VEHPOS, VINPUT, VISPR

TABLES BELTRT, CINPUT, CONTCT, EQUILB, EVALFD, FINPUT, FRCDFL, GLOBAL, HERRON,
IMPULS, PLSEGF, RSTART, SEGSEG, UPDATE, UPDFDC

TEMPVI EJOINT, GLOBAL, IMPULS, PLSEGF, RSTART, UPDATE, VISPR

TEMPVS AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTG, BELTRT, BGG, BINPUT, BLKDTA,
CHAIN, CINPUT, DAUX, DAUX11, DAUX12, DAUX22, DAUX31, DAUX32, DAUX33,
DAUX44, DAUX55, EJOINT, EQUILB, FINPUT, FLXSEG, HEDING, INITAL, QUTPUT,
PDAUX, PLELP, PLSEGF, PLTXYZ, PRIPLT, SEGSEG, SETUP1, SETUP2, SINPUT,
SPDAMP, VINPUT, VISPR, ZUMARY

TITLES AIRBG1, BINPUT, EQUILB, FINPUT, HEDING, INITAL, MAINPG, OUTPUT, PLOTRI,
PRINT, PRIPLT, RSTART, SINPUT, VINPUT, ZUMARY

VPOSTN AIRBAG, AIRBGG, AIRBG3, BELTRT, IMPULS, INITAL, MAINPG, OUTPUT, PLOTRZ,
PLTXYZ, PRIPLT, RSTART, SHARED, SHAREG, VEHPOS

ZuMouT HEDING, OUTPUT, RSTART, ZUMARY
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4.0 QUTPUT FROM CVS (DETAILED DESCRIPTION)

This section is somewhat parallel to Section 3.0 of Volume II and fills
in the details which Volume II left out.

4.1 Debugging Printout and Error Messages

Debugging printout for the CVS is organized in terms of sixteen four-
level switches. Each switch corresponds to a particular section of the
program. The levels of a particular switch control the depth of detail of
the debugging printout from the section of the program which the swtich
covers. High levels of a switch include all the printout from lower levels

from the switch.

The four levels are represented by integers zero through three. Zero
represents no debugging printout, and higher levels are represented by lar-
ger inteqgers as described in Table 40.

TABLE 40. DEBUG SWITCH DEFINITION

0 = summary output only
1 = primary debugging information such as forces

2 = secondary debugging information such as the con-
tributions to the generalized force vector of
each force component

3 = tertiary debugging information to allow a detailed
inspection of the inner workings of the program

To avoid needless volume of printing, each of the sixteen switches is
allowed to vary in level as a function of simulated time (at up to eight
time points) during a run of the program. In order to avoid inputting
sixteen separate tables of debug level versus effective time, advantage is
taken of the binary characteristics of the IBM 370 computer. The four
levels of a debugging switch can be represented by two binary bits. The
possibilities for all sixteen switches can then be represented by thirty-
two bits. Eight hexadecimal digits also represent thirty-two bits. Hence,
debugging control is achieved by use of a table of eight hexadecimal digit
control words versus effective time. When any or all of the switches are
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to change level, a new control word in the table is needed. The switches
correspond to groups of two bits from the left of the word, i.e., switch

one is controlled by the left-most two bits, switch two by the next two,

and so on. The switch will take on the specified level at the first time
step equal to or greater than the effective time specified.

As an example setup of the hexadecimal debugging control word, consi-
der the case where printout of the quantity "XY", the position of panel, is
desired. This is specified under debug switch 11, debug level 3. As each
digit* of the hexadecimal word covers two debug switches, this printout wil}
be covered by the first two bits of the sixth digit. Because no special
printout is desired from debug switch 12, the Tast two bits of the sixth
hexadecimal digit must be "00". Because the desired debug level is 3, the
first two bits of the sixth digit must be "11". Therefore, the sixth digit
takes on the value "1100" or "C". Thus, the hexadecimal word will be
"00000C00" at the effective time.

The table of effective times and control words is specified to the pro-
gram by means of Cards A.6.A and A.6.B. The total span of simulated time
for the run should be covered by effective times of control words if these
cards are used at all.

The user is warned that the volume of printout can be startling huge

and hence utmost discretion must be exercised in the use of this feature.

Table 41 contains a detailed 1ist of the sixteen debug switches and the
quantities which will be printed for each debug level of each switch. Table
41 should be used in conjunction with the Symbol Dictionary (see Section 3.3,
Table 39) and in some cases the listing of the program.

Each 1ine in Table 41 corresponds to one line in the printed output so
this table can be used to identify individual quantities.

Under the column entitled "Contents" there appears a facsimile of each
output line including the 1ine identification and showing the Fortran name
for each printed quantity. The name of the subroutine from which this print-
out is made is given in the column labeled "Routine".

*Base 16 digits are 0 to 9 plus A to F.
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These printouts are organized on ID Nunber which consists of debug
switch, level, and number of printout at that Tevel hyphenated.

Error messages produced by the CVS are shown in Table 42 which is
self-explanatory.
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4.2 External Storage of Normal Qutput

The normal tabular output of the CVS model is stored in an external
file during the course of a run and then upon completion is read back in
and printed. This external file also serves as input to some postprocessors,
particularly the Validation Command Language (VCL). Table 43 contains a re-
cord by record specification of this external file. The Symbol Dictionary
(Table 39) should be used with this table.
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- Tahle 43 BIMNARY FILE LAYOUT (1 of 3)

. Record Number Contents
1 LINES[I] NT(I]
2 ' NPSF[1] MBSF[I] NSSF[I] NBAG[I]
'LPP[1] NRPCAT[I] DDATE(3)[A] DATE(3)[A]
- UNITL[A] UNITT[A] UNITF[A] LDNPRT([I]
NINT[I] NBLT[I] NPL[1] NSEG[I]
— 3 NSG(7)[1] BDYTTL(5)[A] MNBLT(8)[1]
~ 4  COMENT(1-20)[A]
- 5 ;COMENT(21-40)[A]
6 *VPSTTL(20)[A]
6+i;i=1,7 ;MSG(1-20,1)[I]
7 14 SEG(1-20)(A]
15 VJOINT(1-20)[A]
16 IMNSEG(1-20)[1]

i

16+k,k=1+3*j-3; MSEG(1,3,1-20)[1]

i=1,333=1,5
32 'MSEG(1-2,1-5,21-22)[1]
-
33 MSEG(3,1-5,21-22)[1] SEG(21-22)[A] JOINT(21-21)[A]

33+k;k=43%j-3;

T 3ige1.3 XSG(1,1-10,3) (D]
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Table 43 BINARY FILE LAYQUT (2 of 3)

Record Number

Contents

42+k;k=1+3%j-3;

§=1.3:4=1.3
TRy 3~

XSG(i,11-20,j)[D]

51+i;i=1,8

MBLT(1-3,1-5,i)[I]BLTITL(1-5,1)[A]

60 BAGTTL(1-5,1-4)[A]
| o - .
— 61 i BAGTTL(1-5,5-6)[AJPHED(5)[D]
{
~ 61+1;1=1,6 | MBAG(1-2,1-10,1)[1]

-~  67+k;k=1,3

MBAG(3,1-10,2k-1-2k)[I]

71 NPANEL(1-6)[I] MNBAG(1-6)[I] LASNRN[I] LASKAT[I]
NFLX[I] NATAB[I] NELP[I] NQ[I] NSD[I] KNLTPR[I]
- final page no.
beg. record no.
73 KATIND(2,1-15)[1] {Bi;1=1,15}
74 | NBOPL(1-20)[1]
| R Cme =
75 MBOPL(1-20)[I]
76  CoNvL[D] CONVF[D] CONVT[D] TUSEIQ[I]
} IUSERQ[I] KONTL[I] NBIVTC[I] KIACT[I]
P NLIQ[I] NLRQII] KBIQ[I] KBRQ[I]
- f
}
76+i;1=1, 1Q(20%i-19 - min(20*i, IUSEIQ))[1]
— ao=[(IUSEIQ+19)/20]



Table 43 BINARY FILE LAYOUT (3 of 3)

Record Number Contents
76+a +i;
1=1,°so=[(IUSERQ+9)/10] RQ(10*i1-9 - min{10*i,IUSERQ))[D]

81277+ _+8_ Recorded in KATIND(2,n) in record 73 above.

8 % -T+NTIMES

Where actual order Category n Description
of categories 1s 1 Segment Linear Acceleration in Local Coor-
n=]‘7, 9, ]1']5, 8, 10 dinates
m=1-7, 8, 9-13, 14, 15 2 Segment Linear Velocity in Vehicle Coor-
dinates
3 Segment Linear Displacement in Vehicle
Coordinates
4 Segment Angular Acceleration in Local
Coordinates
5 Segment Angular Velocity in Vehicle
Coordinates
6 Segment Angular Displacement in Vehicle
Coordinates
7 Joint
8 Plane-Segment Contact Forces
9 Belt Forces
10 Segment-Segment Contact Forces
11-15 Airbag Forces for Airbag 1-5
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